As part of the Atherosclerosis Risk in Communities (ARIC) Study assessment of the etiology and sequelae of atherosclerosis, a standardized questionnaire on transient ischemic attack (TIA) and nonfatal stroke and a computerized diagnostic algorithm simulating clinical reasoning were developed and tested at the four ARIC field centers: Forsyth County, North Carolina; Minneapolis, Minnesota; Jackson, Mississippi; and Washington County, Maryland. The diagnostic algorithm used participant responses to a series of questions about six neurologic trigger symptoms to identify symptoms of TIA or stroke and their vascular distribution. Among 12,205 ARIC participants reporting their lifetime occurrence of one or more symptoms probably due to cerebrovascular causes, nearly half (47%) reported the sudden onset of at least one symptom sometime prior to their ARIC examination. Of those with at least one symptom, only 12.9% were classified by the computer algorithm as having symptoms of TIA or stroke. Dizziness/loss of balance was the most frequently reported symptom (36%); 1.2% of these persons were classified by the algorithm as having a TWstroke event. Positive symptoms of speech dysfunction were classified most often (77%) as being symptoms of TIA or stroke. Symptoms suggesting TIA were reported more frequently than symptoms suggesting stroke by both sexes. TIA or stroke-like phenomena were more frequent (p < 0.001) in females (7%) than in males (5%) and increased with age in both sexes (p = 0.13 for females; p = 0.02 for males). In Forsyth County, TIA and stroke symptoms were greater in African Americans than in Caucasians (p = 0.05, controlling for sex). The association of algorithmically defined symptoms of TIA or stroke with traditional cerebrovascular risk factors is the subject of a companion paper. Am
epidemiologic ascertainment of stroke and TLA is usually limited to self-reported symptoms and abbreviated examinations without confirmatory testing. Moreover, the evanescent nature of symptoms, lack of residua, imperfect patient recall, and absence of confirmatory laboratory abnormalities in TLA have prevented the development of universally accepted diagnostic criteria or algorithms.
This has resulted in substantial inter-and intraobserver variability in the diagnosis of TIA and stroke in reported studies (1, 2) . For example, in the Italian Multicenter Study on Reversible Cerebral Ischemia, indices of agreement between two neurologists blinded to the diagnosis of established TIA varied from 42 percent to 73 percent for classification by history and from 21 percent to 92 percent for classification by neurologic signs (3) . Other studies have also demonstrated significant interviewer variation in eliciting and interpreting symptoms and signs (4-6). Koudstaal et al. (7) , reporting that interpretation of symptoms contributes more to variability among neurologists than do differences in the content of the 850 Toole et al.
patient's history, questioned the validity of ascribing the variation to poor patient recall, especially when there was a substantial time interval between the event and its ascertainment.
One widely accepted method for reducing error caused by inter-and intrarater variability is the use of standardized questionnaires and diagnostic algorithms. Both were incorporated into two concurrent studies of cardiovascular and cerebrovascular disease: the Asymptomatic Carotid Atherosclerosis Study (ACAS) (8, 9) , a randomized clinical trial of the efficacy of endarterectomy in asymptomatic patients with significant carotid artery stenosis, and the Atherosclerosis Risk in Communities (ARIC) Study (10, 11) , an observational study of the natural history and clinical sequelae of atherosclerosis. One of the primary objectives of both studies is the documentation of TLA and stroke symptoms. ACAS and ARIC investigators have developed and utilized an almost identical intervieweradministered questionnaire (available from the authors) with which to determine the occurrence of six major neurologic symptoms and signs of stroke. In both studies, a computerized algorithm based on the mode of onset, duration, and constellation of these self-reported indices was created to standardize diagnostic criteria and determine vascular distribution.
For validation of the questionnaire and algorithm (12) , 381 men and women at eight medical centers reported their symptoms of stroke, TLA, or other neurologic illness. The questionnaire was administered by trained interviewers, and responses were analyzed using the algorithm. A standardized neurologic examination was performed by a neurologist. Data were submitted to two or more blinded external reviewers. Sensitivity, specificity, and the kappa statistic (K) were used to evaluate the relation between the algorithm and the external reviewers' diagnoses. Of the 381 reviews, 196 persons were diagnosed as having TLA/ stroke by the external panel. The algorithm's agreement with the diagnosis of TLA or stroke was 80.1 percent, and kappa was 0.60. Sensitivity was 87.8 percent, and specificity was 71.9 percent. Thus, the algoridim has been found to have high agreement with the judgments of an external panel of experts and is a sensitive tool for event detection.
Based on the ARIC TLA/stroke form, we present in this paper cross-sectional data by age, race, and sex on the occurrence of 1) physician-diagnosed TLA and nonfatal stroke; 2) neurologic symptoms consistent with TLA/stroke; and 3) symptoms of TLA, stroke, and TLA/stroke combined and their vascular distributions. We also present comparisons between the overall proportion of lifetime TLA/stroke symptoms identified by the computer algorithm and 1) the diagnosis of TLA/ stroke made after clinical review and 2) self-reported previous physician-diagnosed TLA/stroke. The associations between algorithmically defined symptoms of TLA/stroke and traditional cerebrovascular risk factors are explored in a companion paper (33) .
MATERIALS AND METHODS
The ARIC Study is a prospective study of freeliving adults aged 45-64 years designed to identify risk factors for and the natural history of atherosclerosis, as well as the incidence of atherosclerosisrelated events. A total of 15,792 residents were recruited from probability samples in Forsyth County, North Carolina; Jackson, Mississippi; suburban areas of Minneapolis, Minnesota; and Washington County, Maryland. The African-American population was exclusively sampled in Jackson and oversampled in Forsyth County. In this study, we excluded participants for whom TLA/stroke questionnaires were unavailable (n = 412) or incomplete (n -2,881, mostly due to use of an earlier version of the form) or for whom the diagnostic computer algorithm outcome for TLA or stroke was missing {n = 217). Also excluded were persons with out-of-range ages (n = 7), persons of races other than African-American or EuropeanAmerican (n -31), and African Americans in the Washington County or Minneapolis field centers (n = 39). Results are based on the responses of the remaining 12,205 participants (6,770 females and 5,435 males).
The ARIC baseline examination was conducted between 1987 and 1989. Trained staff obtained information on medical history and risk factors; anthropometric and blood pressure measurements; blood samples for lipid and hemostatic profiles; pulmonary function studies; electrocardiograms; and B-mode ultrasonography of both carotid arteries and one popliteal artery.
To reduce intra-and interobserver variability, operation manuals were developed for each component of the examination and were used to train and certify all interviewers and technicians. All were trained in standardized interviewing techniques, certified to administer the TLA/stroke form, recertified annually, and monitored quarterly by audiotape and biannually through quality assurance data analyses.
The TLA/stroke form was administered by having each question read aloud, exactly as written. Participants were first asked if they had ever been told by a physician that they had had a stroke or TLA. They were subsequently asked whether they had ever had a sudden episode involving one or more of the six neurologic trigger symptoms: 1) speech dysfunction; 2) loss of vision; 3) double vision; 4) weakness or paralysis; 5) numbness or tingling; or 6) dizziness or loss of
Algorithm for T1A and Stroke Symptoms 851 balance. If a symptom was present, further questions explored its occurrence, mode of onset, duration, frequency, nature, and concomitant symptoms. For several symptoms (double vision, numbness/tingling, and sudden spells of dizziness/loss of balance), positive responses were followed by confirmatory questions to ascertain a possible noncerebrovascular cause.
Noncerebrovascular causes of symptoms were subsequently elucidated by the study clinician (usually a physician's assistant or nurse practitioner) during questionnaire review with the participant. Following a standardized worksheet, clinicians asked participants to describe and provide a possible explanation for each positive response. They also ascertained whether the participant had consulted his or her own physician, and recorded the physician's diagnosis. This constitutes the only assessment technique of TIA or stroke in the ARIC examination which was based on clinical judgment using supplemental information on noncerebrovascular causes of the participant-reported neurologic symptoms in the TIA/stroke questionnaire.
A diagnostic algorithm on TTA or stroke symptoms (available from the authors) was developed and computerized to simulate clinical reasoning for differentiation of vascular events from other events and to determine the distribution of the events. Symptoms without sudden onset or a duration of less than 30 seconds were excluded from analysis. TIAs were differentiated from stroke symptoms on the basis of participant-reported duration of the longest episode. Symptoms and signs that resolved within 24 hours were classified as TIA symptoms; deficits persisting longer were defined as stroke. The distribution in the right or left carotid artery or vertebrobasilar artery was determined by the description of the trigger symptom and the constellation of concomitant symptoms of the worst reported episode. The number and percentage of ARIC participants reporting past sudden onset are given for each symptom type; for persons with sudden onset of a symptom, the percentage of those whom the algorithm classified as having signs of TIA or stroke is given. From these two is computed the percentage of the ARIC cohort with a TLA/stroke diagnosis from a given symptom.
Chi-squared tests for two-by-two tables were used to compare prevalences. The kappa statistic was used to adjust interrater agreement between self-reported history of TTA/stroke and the algorithm diagnosis for chance agreement.
RESULTS
The results of this paper are based on the responses of 12,205 ARIC participants reporting their lifetime occurrence of one or more neurologic symptoms with sudden onset. Overall, 6 percent of participants were estimated to have reported one or more of the positive symptoms. Sample sizes are given in tables 2 and 3.
Nearly half (46.6 percent) of ARIC participants reported an episode with sudden onset, but only 12.9 percent of these events were classified by the algorithm as consistent with TIA/stroke (table 1). Dizziness or loss of balance was by far the most frequently reported symptom at 35.9 percent, though only 1.2 percent of these events were classified by the algorithm as indicative of TLA/stroke. The least frequent symptom was weakness/paralysis at 2.3 percent, but 45.6 percent of these participants were classified as showing signs of TTA or stroke. The symptom with the highest proportion of positive responses leading to TIA or stroke classification was speech dysfunction (77 percent). Two percent of the cohort had a TIA/ 
• TIA, transient Iscnemlc attack; ARIC, Atherosclerosis Risk In Communities.
stroke diagnosis from sudden onset of speech dysfunction and only 0.4 percent from dizziness or imbalance.
Detailed breakdowns of the symptoms classified as TIA, stroke, or both are presented by age, race, and field center in tables 2 (females) and 3 (males). TIA symptoms were more prevalent than stroke symptoms and were more frequent (p < 0.01) in women (5.0 percent for TIA, 2.4 percent for stroke) than in men (3.0 percent for TIA, 2.3 percent for stroke). The prevalence of TIA/stroke symptoms combined was also higher {p < 0.001) in women (6.9 percent) than in men (5.0 percent). Overall, the proportion of symptoms of TIA, stroke, or both increased with age (45-54 years vs. 55-64 years) in all four race/sex groups {p < 0.06 in each of the groups). African-American women at both the North Carolina and Mississippi field centers consistently reported symptoms of TIA or TIA/ stroke combined more frequently than their male counterparts in these locations. In North Carolina, however, the reported proportion of stroke symptoms among the African Americans was higher in males than in females. The proportion of each type of reported event, however, was consistently higher for the African Americans in North Carolina than in Mississippi.
Because of the unexpected differences in proportions of symptoms classified as TIA or stroke by race, we explored the results by interviewer at each field center. The sex-specific distribution for combined history of TIA/stroke symptoms varied by interviewer at each field center. The frequency of symptom history ascertained by interviewers who administered at least 25 TLA/stroke questionnaires ranged from 0.4 percent to 11.9 percent. However, only the interviewer differences for women in Jackson were statistically significant in tests of variation within-clinic between interviewers, and the extremes in the interviewer-specific proportions of combined events only occurred for interviewers with less than 200 interviews (data not shown). Table 4 presents the vascular distributions of all of the symptoms classified as TIA or stroke symptoms. The most frequent location of all events was the left carotid artery in both women (41 percent) and men (39 percent), followed by the vertebrobasilar distribution (34 percent for women and 35 percent for men). The larger proportion of people with left carotid artery symptoms corresponds to the relatively more frequent history of TIA or stroke symptoms based on speech dysfunction. Compared with participants aged 45-54 years, events were more frequent in the older age group for both sexes (tables 2 and 3).
In tables 5 and 6, we compare the classification of TLA/stroke symptoms by algorithm with the diagnosis made by clinical review and the participant's self- t Only participants with data on all three types of assessment were included.
report. Because this analysis required the information on all three assessments to be complete for each person, 3,220 participants were excluded. Because most of the missing records (88 percent) were from the Jackson field center, we present the comparisons in tables 5 and 6 only for the European-American participants (n = 8,501).
Two comparisons were made: a comparison of the algorithmic classification of TLA/stroke symptoms with the participant's reported history of physiciandiagnosed TIA or stroke (table 5) , and a comparison between the same algorithmically defined symptoms and the assessment of TIA or stroke from the clinical review conducted at the end of the ARIC baseline examination (table 6). Two percent of the white participants reported a physician-diagnosed TIA or stroke (n = 171); 2.2 percent reported trigger symptoms which a clinician, during the ARIC examination medical data review, considered to have been related to TLA or stroke (n = 188); and 6.3 percent reported trigger symptoms which the diagnostic algorithm classified as symptoms of TIA or stroke (n = 533). The probability that the algorithm was positive, given a positive participant self-report, was 0.614; the probability that it was positive given a negative serf-report was 0.051. Likewise, the probability that the algorithm was positive, given a positive ARIC clinician's diagnosis, was 0.734; the probability that it was positive given a negative medical data review was 0.048 (13) .
DISCUSSION
The term "transient ischemic attack" was popularized during the 1950s and 1960s to designate the concept of intermittent insufficiency of blood flow to a small portion of the brain, generally thought to be caused by transitory hypotension or embolism. TLA is important as a predictor of subsequent cerebral infarction (14) . However, the criteria for diagnosis have been inexact, because they are based exclusively on historical information for which the only standardized definition is a maximum duration of symptoms of less than 24 hours (14) . There have been no stipulations regarding the minimum duration of these attacks. Some clinicians insist that they must persist for 15 minutes, while others accept 10-15 seconds; most require a duration of more than 30 seconds. We chose 30 seconds after conducting a survey of the opinions of established experts in the field. A major limitation is the inability to address the occurrence of unrecognized TIA or stroke symptoms during sleep or repose, resulting in unrecognized phenomena and an inability to accurately report when symptoms began (15, 16) .
Because the traditional definition of TTA requires the resolution of signs and symptoms within a 24-hour period, it has generally been assumed that TTAs leave no residual damage. However, cerebral infarctions have been demonstrated by neuroimaging techniques in 5-10 percent of patients with clinically defined TIA (17) (18) (19) (20) , and some estimates of unrecognized infarctions by computed tomography (32 percent) and magnetic resonance imaging (77 percent) are even higher (21) .
Without objective markers, the diagnosis of TIA rests entirely upon the history obtained from the patient, recognizing that the attack itself may affect recall and objectivity or the interviewer's assessment. Koudstaal et al. (5) found that differences in the interpretation of patient history by neurologists explained interobserver variation (K = 0.65).
Efforts to devise a standardized questionnaire for assessment of TIA or stroke have met with varying degrees of success and have not been generally accepted for either health care delivery or clinical research. To overcome some of the deficiencies found in previous questionnaires, we adapted the one developed by the Joint Committee for Stroke Facilities (22) , tested it in a pilot study for precision of questions and ease of administration, and adopted it after revision. Like most standardized questionnaires, ours continues to have limitations-e.g., the breadth of questioning may not be great enough to distinguish between symptoms due to vascular disease and those of similar syndromes due to other vascular disorders, such as migraine headaches.
Furthermore, other researchers have developed computerized algorithms to diagnose and localize TLAs. Reggia et al. (23) devised a rule-based system intended to simulate decision criteria. Their algorithm agreed with the physician's diagnosis in 71 percent of 103 randomly selected patients, and agreed on localization in 73 percent. We emphasize that the ARIC Study is not a random sample of patients but rather is a probability sample of free-living individuals. Thus, the lower agreement rates between our classification and those of others are to be expected. The slight preponderance of the left carotid artery over the right artery or vertebrobasilar distributions was comparable to the response frequencies seen in other studies (24) (25) (26) (27) (28) . However, the frequency of vertebrobasilar distribution events is greater, suggesting that either the phenomena relevant to posterior circulation were overreported or the categorization of vertebrobasilar distribution by one or the other system is suspect. There is approximately 30 percent error between classifications of events in the carotid and vertebrobasilar circulations when clinical diagnosis is compared with findings from computed tomographic imaging (29) . Validation studies will be necessary to resolve these issues.
The use of an algorithmic diagnosis of TIA or stroke symptoms, in contrast to medically confirmed TLAs or strokes, makes comparison of our results with traditional indices difficult, as demonstrated here when comparisons were made between clinically diagnosed events and algorithmically classified TLA/stroke (tables 5 and 6). The two-to threefold excess of participant-reported phenomena over clinically diagnosed events was to be expected, because our questionnaire was designed to be sensitive in order to help eliminate noncerebrovascular causes.
Our findings raise many questions. In light of the twofold greater prevalence of hypertension among African Americans compared with European-American participants (30) and the greater prevalence of preexisting cerebrovascular disease (31), we expected to find more TLA or stroke symptoms in the AfricanAmerican cohort members. However, the proportion of TLA/stroke symptoms in the black participants from Mississippi was markedly lower than that in the cohort overall, and was one third (males) to one half (females) that in African Americans in North Carolina. Since the proportions of TLA, stroke, or TLA/stroke symptoms among the white participants in North Carolina did not differ from those observed in the study communities in Maryland and Minnesota, underreporting of neurologic symptoms in Mississippi (in contrast to overreporting in North Carolina) is one explanation.
One objective of our questionnaire and algorithm was to utilize them in epidemiologic studies to identify subgroups of persons at excess risk-a process not dissimilar to that of the Rose questionnaire, another instrument that identifies populations at excess risk for myocardial infarction (32) . Hence, this study of the distribution of positive TLA/stroke symptom histories as defined by the ARIC/ACAS algorithm lays the
